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Introduction

ABSTRACT

Objective: Adrenoleukodystrophy (ALD) has a poor prognosis when it pro-
gresses to the cerebral form (CALD). The aim of this study is to investigate
whether cerebrospinal fluid (CSF) neurofilament light chain (cNfL) is a sensitive
biomarker for detecting CALD and assessing response to hematopoietic stem cell
transplantation (HSCT). Methods: We conducted a cross-sectional study of 41
male ALD patients. The c¢NfL levels in patients with the cerebral form of ALD
(CALD) or the cerebello-brainstem form of ALD were compared with those in
patients with adrenomyeloneuropathy (AMN). The correlation between cNfL
levels and MRI-based Loes severity scores was investigated. A longitudinal analysis
was performed on patients who underwent multiple CSF examinations. Results:
The cNIfL levels in 22 patients with CALD were significantly higher than those in 14
patients with AMN (median, 5545 vs. 1490 pg/mL; p < 0.001). The cutoff cNfL
level of 1930 pg/mL showed good sensitivity (95.5%) and specificity (85.7%) for
distinguishing CALD from AMN. The cNIfL levels were positively correlated with
Loes scores (p < 0.001). The cNfL levels in three AMN patients who later converted
to CALD increased above the cutoff level during the conversion period, while the
cNfL levels in four patients who remained in AMN were consistently below the cut-
off. In 10 ALD patients who underwent HSCT, their cNfL levels decreased 3—
24 months after HSCT. Two patients whose c¢NfL increased after HSCT showed
deterioration in cognitive functions. Interpretation: The cNfL level is useful for
evaluating the disease activities of ALD and the response to HSCT.

lesions and cognitive dysfunction.® Patients with child-
hood CALD exhibit a rapidly progressive course, and 46%

Adrenoleukodystrophy (ALD, OMIM #300100) is an X-
linked neurological disease that is caused by pathogenic
variants in ATP-binding cassette subfamily D member 1
(ABCDI1)."* ALD is classified into four major clinical types
based on the clinical manifestations and the extent of brain
lesions: adrenal insufficiency without neurological manifes-
tations (Addison type), adrenomyeloneuropathy (AMN)
with spastic paraparesis, cerebello-brainstem form of ALD
(CBALD) presenting with cerebellar ataxia and lower limb
spasticity along with magnetic resonance imaging (MRI)
findings limited to the cerebellum and brainstem, and cere-
bral form of ALD (CALD) with cerebral white matter

of them die during a mean follow-up period of 5.9 years.’
Similarly, adult CALD has a poor prognosis with a median
survival of 7.5 years.® For childhood CALD patients, clini-
cal efficacy of hematopoietic stem cell transplantation
(HSCT) has been established when performed at an early
disease stage.” * We previously demonstrated the efficacy
of HSCT for adult/adolescent patients with CALD or
CBALD when performed at an early disease stage.'® HSCT
was not beneficial for childhood CALD in advanced
stages.!' Because brain lesions in CALD rapidly progress, it
is crucial to establish the diagnosis of CALD as early as pos-
sible to obtain the favorable clinical efficacy of HSCT.
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Currently, brain MRI is used to evaluate the extent of
demyelinating brain lesions in patients with ALD. Serial
evaluation of MRI findings employing the MRI-based
Loes severity score'” has been used to semi-quantitatively
evaluate the progression of cerebral lesions. Gadolinium
(Gd) contrast enhancement, which reflects the disruption
of the blood-brain barrier and active inflammatory demy-
elination, is also widely used to evaluate the activity of
cerebral lesions in ALD."> However, it is difficult to quan-
titatively evaluate the degree of axonal damage and demy-
elination using MRI. Furthermore, patients with CALD or
CBALD do not always show Gd enhancement.'®'* There-
fore, sensitive biomarkers that closely reflect the activity
of ALD would be highly useful for early detection of
CALD or CBALD.

Neurofilament light chain (NfL) is a cytoskeletal pro-
tein that composes neurofilaments and is exclusively
expressed in neurons. Recently, NfL has been widely used
as a reliable and sensitive marker for assessing the severity
and progression of various neurological disorders.'”” A
previous study showed that plasma NfL (pNfL) levels
were elevated in CALD patients and found useful in dis-
criminating CALD from AMN.'® However, the pNfL
levels in CALD partially overlapped with those in AMN.'®
As NfL is released into the cerebrospinal fluid (CSF) upon
neuroaxonal damage and further leaked into blood
stream, the NfL level in CSF (cNfL) is expected to more
sensitively reflect damages in central nervous system than
pNfL. Additionally, the previous study only documented
changes in pNfL levels after HSCT in two patients.'®

In this study, we evaluated the usefulness of cNfL levels
for assessing the activity of inflammatory demyelination
in CALD and CBALD, and for detecting the conversion
from AMN to CALD or CBALD. We furthermore investi-
gated changes in cNfL levels after HSCT in 14 ALD
patients.

Methods

Patients and clinical assessment

Flow charts of the analyses are shown in Figure 1. First,
we performed a cross-sectional study of 41 male ALD
patients who were hospitalized at the Department of Neu-
rology at the University of Tokyo Hospital and under-
went at least one CSF examinations between March 2008
and October 2021. CSF samples were collected for the
clinical care of the patients. All the patients were con-
firmed to carry pathogenic variants of ABCDI and ele-
vated levels of very long-chain saturated fatty acids in
plasma sphingomyelin. For patients who underwent mul-
tiple CSF examinations, the results of their initial CSF
examination were used for the cross-sectional analysis.

CSF Neurofilament Light Chain in ALD

Brain MRI was carried out within 2 months before or
after the initial CSF examination in all the patients. The
Loes score'? of brain MRI was evaluated by the radiolo-
gist (H.M.) and neurologist (T.M.) of this research group
independently, and the ultimate decision was made on
the basis of mutual agreement. Clinical phenotypes were
assessed when the initial CSF examination was made.

We defined the clinical phenotypes of ALD as follows.
When cerebral lesions with or without Gd enhancement
detected by MRI, patients were classified as having CALD.
When the patients had cerebellar and/or brainstem lesions
without cerebral lesions in MR images, they were classi-
fied as having CBALD. Patients exhibiting only spastic
paraparesis without any lesions or those with MRI find-
ings confined to pyramidal tracts were classified as having
AMN. Patients with only faint hyperintensities in
T2-weighted images surrounding the dorsal horn of the
lateral ventricles that did not enlarge in the following
examinations were classified as having AMN, not CALD.
Therefore, the maximum Loes score for AMN is three
(internal capsule, brainstem pyramidal tract, and white
matter surrounding the posterior horn of the lateral ven-
tricle). We defined “conversion from AMN (or CBALD)
to CALD” as the time when the appearance of any cere-
bral lesions other than faint hyperintensities in
T2-weighted images in the white matter surrounding the
posterior horn of the lateral ventricles on head MRI was
recognized. Similarly, we defined “conversion from AMN
to CBALD” as the time when the appearance of cerebellar
and/or brainstem lesions without cerebral lesions was
recognized.

Next, a longitudinal analysis was performed on the
patients who underwent multiple CSF examinations,
which consisted of two parts. To investigate whether cNfL
is useful in detecting conversion from AMN to CALD, we
examined changes in cNfL levels and the Loes scores in a
group of patients who converted from AMN to CALD
and a group of patients who remained in AMN (Longitu-
dinal analysis 1). To evaluate the therapeutic effect of
HSCT on cNIfL levels, we focused on ALD patients whose
CSF was collected before and after HSCT (Longitudinal
analysis 2). The indications and protocols of HSCT were
described previously.'’

This is a single-institution-based retrospective study.
Written informed consent was obtained from all the
patients. This study was approved by the institutional
review board of the University of Tokyo.

Sample processing and laboratory methods

After CSF samples were collected, they were centrifuged
for 10 min at 3000 rpm at 4°C, and 0.5-2.0 mL aliquots
of the supernatant were placed into 2-mL polypropylene
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Figure 1. Patient selection for the analysis of cNfL. We conducted a retrospective analysis of ALD patients admitted to the neurological
department of the University of Tokyo Hospital between March 2008 and October 2021. There were 41 ALD patients who underwent at least
one CSF examination. A cross-sectional study was conducted for these 41 ALD patients. In the cross-sectional study, cNfL of the initial CSF
samples and the Loes severity scores were assessed for all the patients. For gadolinium contrast-enhanced MRI, only those who underwent this
imaging modality were included in the analysis. A longitudinal study was then conducted on ALD patients who underwent multiple CSF
examinations and consisted of two parts. In the first part, patients were classified according to changes in disease forms. To investigate whether
cNfL is useful in detecting conversion from AMN to CALD, we examined changes in cNfL levels and the Loes scores in a group of patients who
converted from AMN to CALD and a group of patients who remained in AMN (“AMN-staying”) (Longitudinal analysis 1). In the second part, to
investigate changes in cNfL levels after HSCT, we focused on ALD patients who underwent CSF examinations before and after HSCT (Longitudinal
analysis 2). One patient was included in both parts of the longitudinal study (Figs 4A and 5A, Patient 1).

tubes and stored at —80°C until use. The NfL levels in
CSF were measured using the NF-light Kit (UmanDiag-
nostics, Umea, Sweden) following the manufacturer’s
instructions. The measurements were conducted in dupli-
cate and the average of two measurements was taken as
the cNfL level. The variation between the two measure-
ments of the same sample was <8.4% in 89 samples.

Statistical analyses

Continuous and ordinal parameters were described by the
median and the interquartile range (IQR). Univariate

1232

analyses were performed using the Mann—Whitney—Wil-
coxon test or the Kruskal-Wallis multiple comparison
tests followed by the Steel-Dwass post hoc test. The cor-
relation of cNfL level with Loes score was assessed by the
Spearman’s rank correlation method. We evaluated the
relationship between cNfL level and the presence of Gd-
enhanced lesions by multiple regression analysis in which
age at the initial CSF examination, presence of Gd-
enhanced lesions, and Loes scores were response variables
and the cNfL level was an objective variable. The term for
Gd is set to 1 if Gd-enhanced lesions exist and 0 other-
wise. All statistical tests were two-tailed, and p-values
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<0.05 indicated statistically significant differences. The
EZR (R version 4.0.3) and Microsoft Excel (Microsoft,
Redmond, WA, USA) were used for all analyses and the

preparation of figures.'”'®

Results

Cross-sectional analyses of cNfL levels in
patients with various clinical phenotypes of
ALD

In the cross-sectional study, there were 14 AMN patients,
22 CALD patients, and 5 CBALD patients. Among the 22
CALD patients, one had adolescent-onset CALD, and the
others had adult-onset CALD. The clinical characteristics
of the patients at the initial CSF examination are shown
in Table 1. At the initial CSF examination, none of the
ALD patients had undergone HSCT. The cNfL levels in
CALD patients were significantly higher than those in
AMN patients [Fig. 2A, median (IQR), 5550 (4320-8540)
pg/mL vs. 1490 (1170-1660) pg/mL, p = 1.0 x 107>,
Kruskal-Wallis test]. Although we did not have data on
cNfL levels in healthy controls, the previous report
showed that the median (IQR) of cNfL level in 42 healthy
controls was 205 (80-1300) pg/mL using the same kit."”
The cNfL levels in patients with CBALD were also mark-
edly higher than those in AMN patients, although this
difference was statistically not significant presumably
because of the small sample size and large variations
[median 10,100 (9430-11,400) pg/mL, p = 0.068,
Kruskal-Wallis test]. There was no significant difference
between the cNfL levels in CALD and those in CBALD
(p = 0.48, Kruskal-Wallis test). We conducted a logistic
regression analysis and obtained the receiver operating

CSF Neurofilament Light Chain in ALD

characteristic curves (ROC) to determine the sensitivity
and specificity of cNfL level in discriminating CALD
patients from AMN patients. cNfL level was shown to be
a potent indicator for discriminating CALD from AMN
[Fig. 2B, area under the curve (AUC), 0.964] with the
optimal cutoff cNfL level of 1930 pg/mL (95.5% sensitiv-
ity and 85.7% specificity).

Correlation of cNfL levels with Loes scores
and Gd enhancement

First, we determined whether cNfL levels correlated with
the extent of the cerebral lesions as evaluated by the Loes
score in the cross-sectional study. We found a statistically
significant positive correlation of cNfL levels with Loes
scores (Fig. 3A, Spearman’s r=0.72, p = 1.4 x 1077).
We then compared cNfL levels between CALD or CBALD
patients with and those without Gd-enhanced lesions. As
AMN patients do not have Gd-enhanced lesions by defi-
nition, we excluded AMN patients in this analysis. One
patient who received a double dose of the Gd contrast
was included in the group with Gd-enhanced lesions. The
cNfL levels in patients with CALD or CBALD showing
Gd-enhanced lesions were not significantly different from
those not showing Gd-enhanced lesions [Fig. 3B, median
(IQR), 6210 (4450-8790) pg/mL vs. 9550 (2940-10,800)
pg/mL, p = 0.98, Mann—Whitney—Wilcoxon test]. In the
patients with CALD or CBALD, multiple logistic regres-
sion analysis with the Loes score, presence of Gd-
enhanced lesions, and age as predictors revealed that the
Loes score was a positive predictor of cNfL level
(p = 0.043), whereas presence of Gd-enhanced lesions was
not (p = 0.94), showing that c¢NfL level correlates with
the Loes score but not with the presence of Gd-enhanced

Table 1. Baseline demographic data of patients with AMN, CALD, and CBALD at the timepoint of initial cerebrospinal fluid examination.

AMN CALD CBALD Healthy control’

Number of patients 14 22 5 42

Age at the initial CSF examination 32.7 (30.6-44.3) 37.3 (28.9-48.8) 22.6 (20.9-25.3) NA

EDSS 3.3(2.1-3.5) 3.0 (0.0-5.4) 3.0 (2.0-3.5) NA

Loes score 1.5 (0.1-2.0) 6.0 (4.0-8.9) 4.5 (3.0-5.0) NA

Gd enhancement, n 0 (0%) 18 (81.8%) 2 (40.0%) NA

WAIS FIQ 98.5 (78.5-107) 84.0 (76.0-98.0) 85.0 (76.0-87.0) NA

WAIS PIQ 94.0 (80.3-102.8) 78.0 (65.8-92.3) 75.0 (67.0-84.0) NA

WAIS VIQ 99.0 (80.3-113.3) 92.5 (84.5-105.8) 89.0 (82.0-104.0) NA

cNfL, pg/mL 1490 5550 10,100 205
(1170-1660) (4320-8540) (9430-11,400) (80-1300)

Values are presented as median (interquartile range) or number (percentage).
AMN, adrenomyeloneuropathy; CALD, cerebral form of adrenoleukodystrophy; CBALD, cerebello-brainstem form of adrenoleukodystrophy; cNfL,
neurofilament light levels in cerebrospinal fluid; EDSS, expanded disability status scale; FIQ, full-scale intelligence quotient; Gd, gadolinium; NA,
not available; PIQ, performance intelligence quotient; VIQ, verbal intelligence quotient.
"The cNfL levels for healthy controls were taken from data in Novakova et al."®

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Figure 2. NfL levels in AMN, CALD, and CBALD patients. (A) cNfL
levels in AMN (n = 14), CALD (n = 22), and CBALD patients (n = 5)
who did not undergo HSCT. The median cNfL levels and the
interquartile ranges were indicated by a gray box. The difference in
means between groups was statistically significant (o =2.4 x 107>,
Kruskal-Wallis multiple comparison tests). The p-values were obtained
with the nonparametric Steel-Dwass test. n.s., not statistically
significant. (B) Receiver operating characteristic (ROC) curve for the
capability of cNfL level to discriminate CALD from AMN. Area under
the curve (AUC) = 0.964 (0.91-1 Cl 95%).

lesions (Table 2). Of note, some patients with Gd-
enhanced lesions had very high cNfL levels.

Elevated cNfL level during conversion from
AMN to CALD or CBALD—Longitudinal
analysis 1

We next performed a longitudinal analysis of cNfL levels
in ALD patients who underwent multiple CSF examina-
tions. Of the 23 patients who underwent multiple CSF

T. Kakumoto et al.

examinations, 4 were “AMN-staying” patients, that is,
patients who remained as AMN, and 4 converted from
AMN to CALD (Fig. 1, Longitudinal analysis 1). The
remaining 15 patients already had CALD or CBALD at
diagnosis.

The cNfL levels in AMN-staying patients remained
below the AMN-CALD cutoff for a period of 3.5-
10.9 years (Fig. 4B). In contrast, of the four patients who
converted from AMN to CALD, the cNfL levels were
below the AMN—CALD cutoff cNfL value of 1930 pg/mL
before the conversion (Patients 1 and 2) followed by an
increase after the conversion (Fig. 4A). Patient 3 had
cNfL level higher than the AMN—CALD cutoff 12 months
before conversion from AMN to CALD, and Patient 4
had a high cNfL level shortly after the conversion from
AMN to CBALD. In Patient 2, the cNfL level and Loes
score further increased approximately 6 months after the
conversion. Although the sample size was small, the high
or increasing cNfL levels above the AMN—CALD cutoff
cNfL level were associated with the conversion from
AMN to CALD or CBALD.

Change in cNfL levels in patients with CALD
or CBALD before and after HSCT—
Longitudinal analysis 2

To investigate the role of cNfL levels for evaluating effi-
cacy of HSCT, we longitudinally analyzed changes in cNfL
levels in patients with CALD or CBALD who underwent
HSCT. Of the 23 ALD patients who underwent multiple
CSF examinations, 16 underwent HSCT, 14 of whom
underwent CSF examination both before and after HSCT
(Fig. 1, Longitudinal analysis 2). The cNfL levels
decreased after HSCT in 10 patients (Patients 1, 9-17),
while the cNfL levels increased 2-16 months after HSCT
in 4 patients (patients 18-21) (Fig. 5).

Of the 10 patients who showed a decrease in cNfL level
after HSCT, 6 patients whose cNfL levels decreased sub-
stantially in 3-24 months after HSCT initially had rela-
tively high cNfL levels (>4000 pg/mL) before HSCT
(Fig. 5A, patients 1 and 9-13). More than 2 years after
HSCT, the cNfL levels of these patients still showed a
gradual decrease. The cNfL levels in the three patients
(Patients 1, 9, and 11) decreased below the AMN-CALD
cutoft cNfL level of 1930 pg/mL after HSCT. Patients 14—
16 had relatively low cNfL levels (<2500 pg/mL) before
HSCT, and their c¢NfL levels further decreased mildly after
HSCT. All the 10 patients (Patients 1 and 9-17) who
showed a decrease in cNfL levels after HSCT had pre-
served cognitive function and stable brain lesions on MRI
at the last follow-up.

Of the 4 patients who showed increase in the cNfL
levels (patients 18-21, Fig. 5B), the cNfL level decreased

1234 © 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
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Figure 3. Relationship between brain-MRI-based Loes severity score and cNfL level. (A) Correlation between the MRI-based severity score of Loes
and cNfL level (n = 41). The dotted line shows the linear regression. (B) cNfL levels in CALD or CBALD patients classified by the presence (n = 20)
or absence (n = 7) of Gd-enhanced lesions. The median and the interquartile ranges are indicated by bold bars and gray boxes, respectively. n.s.,

not statistically significant.

Table 2. Coefficients table of multiple regression analysis.

Partial regression  Standard

coefficient error tvalue p
Intercept 6280 2900 217 0.041
Loes score 476 222 2.14 0.043
Gd enhancement 136 1900 0.071 094
Age -52.4 70.3 -0.75 0.46

in the following follow-up period in patient 18. In each
of patients 19-21, only one CSF sample was available after
HSCT. Cognitive function deteriorated in two patients
(patients 20 and 21), while it was preserved in the other
two patients (patients 17 and 18). Patients 20 and 21
became speechless and unable to communicate 6 and
4 months after HSCT, respectively. After publication of
our previous report,'’ patient 21 died 13.8 months after
HSCT owing to frequent aspiration pneumonia.

Discussion

We found that cNfL levels were markedly increased in
patients with CALD or CBALD than in those with AMN
and that cNfL levels were positively correlated with the
extent of the brain lesions. Longitudinal analyses of cNfL
levels and the clinical presentations of the patients
revealed that cNfL levels remained below the cutoff cNfL
level while patients remained having AMN, and they
increased when AMN converted to CALD or CBALD.
Furthermore, we observed that the cNfL levels in the
majority of the ALD patients who underwent HSCT
sharply decreased by 2 years after HSCT, then gradually
declined.

Whether cNfL level or MRI can be used to detect con-
version from AMN to CALD or CBALD earlier is of clini-
cal importance. Patients who converted to CALD typically
showed a rapid increase in Loes score, as in patients 1-3

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

(Fig. 4A). Of the three patients, the increase in cNfL level
was found before the detection by MRI lesion enlarge-
ment in one patient (Patient 3), simultaneously with
lesion enlargement in one patient (Patient 2), and after
the conversion in one patient (Patient 1). Owing to the
small number of patients with AMN—-CALD conversion,
however, further investigation with a larger number of
patients would be needed before we can conclusively
determine whether cNfL level or MRI can detect the con-
version at an earlier stage. Because this is a retrospective
study, the interval and frequency of CSF examination var-
ied, with MRI being performed more frequently than CSF
examinations (Fig. 4). Thus, there remains a possibility of
selection bias in CSF sampling. Nonetheless, it is note-
worthy that the increase in cNfL level before the detection
by MRI lesion enlargement was observed in one patient
(Patient 3). Despite the limitation of the study, the pre-
sent study indicates that cNfL level is a promising bio-
marker to detect conversion from AMN to CALD or
CBALD. To determine whether cNfL level or MRI can
detect conversion from AMN to CALD or CBALD at an
earlier stage, it would be necessary to match the interval
and frequency of CSF examinations with those of MRI
examinations as a prospective study.

Another biomarker of disease activity of ALD is the
presence of Gd-enhanced lesions. In our study, cNfL
levels were not higher in patients with Gd-enhanced
lesions than in those without Gd-enhanced lesions. In
addition, the cNfL level was sometimes high even in the
absence of Gd-enhanced lesions. From these observations,
NfL level, which reflects axonal disorders throughout the
brain, may more sensitively reflect the disease activity of
ALD than the presence of Gd-enhanced lesions.

Regarding implications of measuring cNfL levels after
HSCT, we observed the changes in cNfL levels after HSCT
in 14 ALD patients. In six patients whose pre-HSCT cNfL
levels were high (>4000 pg/mL), cNfL levels sharply
decreased 3-24 months after HSCT and then further

1235
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Figure 4. Longitudinal analysis of cNfL levels in ALD patients before or without HSCT. (A) Changes in cNfL level and Loes score over time in
patients with AMN that later converted to CALD or CBALD. (B) Temporal profile of cNfL levels and Loes scores in AMN-staying patients. Blue and
orange lines indicate the Loes scores and cNfL levels, respectively. Magenta lines indicate the time of the AMN-CALD conversion (Patient 1, 3,
and 4) or that of AMN-CBALD conversion (Patient 2). The gray dotted line shows the AMN-CALD cutoff cNfL level. The green line shows the
median cNfL value of 205 pg/ml in healthy controls.’® Note that only the Loes scores and cNfL levels before HSCT (shown in cyan lines) are
shown in this figure. The values on the vertical axes are standardized to Loes scores up to 12 and cNfL levels up to 20,000 pg/mL. The vertical
axes of the Loes scores for Patients 2 and 3 were adjusted because the maximum Loes scores of these patients exceeded 12.
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Figure 5. Changes in cNfL levels in ALD patients before and after HSCT. (A) Longitudinal cNfL levels in 10 ALD patients whose cNfL levels
decreased after HSCT. (B) Longitudinal cNfL levels in four ALD patients whose cNfL levels elevated after HSCT. The time when HSCT was
performed was set to 0. The gray dotted line shows the AMN-CALD cutoff cNfL level. Patients 1, 9-11, 14, 15, 17, 20, and 21 had CALD, and

Patients 12, 13, 16, 18, and 19 had CBALD.

decreased at a slower pace. In addition, cNfL levels in
three patients eventually decreased to levels comparable
to those in AMN patients after HSCT. Three patients
who had relatively low cNfL levels (<2500 pg/mL) before
HSCT also showed a decrease in c¢NfL levels after HSCT.
These changes in cNfL levels, which decrease as early as
3 months after HSCT, are interpreted to reflect the cessa-
tion of neuro-axonal damage with HSCT. The cessation
of neuro-axonal damage with HSCT is further supported
by the stabilization of MRI lesions within approximately
1 year. Consequently, the changes in the cNfL levels may
be more useful than MRI for sensitive evaluation of the
changes in the neuro-axonal damage after HSCT.

Of note, among patients who had elevated cNfL levels
after HSCT, cognitive function deteriorated in two
patients (Fig. 5B, Patients 20 and 21). During the period
of coordinating the bank donor for HSCT, Patient 20 had
progressively deteriorated motor function and Patient 21
exhibited enlarged cerebral lesions. In Patient 21, the
number of total nucleated cells per recipient body weight
was as low as 0.92 x 10%kg. Although engraftment was
confirmed, the three blood cell lineages were scarce, and
regular blood transfusions were required. The deteriora-
tion prior to HSCT in Patients 20 and 21 and the low
number of transfused cells in Patient 21 may underlie the
poor response to HSCT. Although the number of patients
is small, an increase in cNfL level above the pretreatment
level may indicate an insufficient response to HSCT.
Taken together, cNfL level reflects the disease activity of
CALD and CBALD and the treatment response after
HSCT more sensitively than brain MRI findings.

© 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

In this study, we measured cNfL levels. Whether c¢NfL
or blood NfL level is more useful for evaluating the dis-
ease activity of ALD is another important issue.'®* Con-
sidering that the CSF compartment is closer to brain
lesions than the blood stream, cNfL level seems to sensi-
tively reflect the presence of brain lesions.”’ Neuroaxonal
damage in the central nervous system as well as inflam-
matory or infectious diseases in the peripheral nerves
have been shown to affect the plasma and serum NfL
levels.”’ As demonstrated in this study, the AUC on the
ROC curve that divides CALD from AMN was 0.964 for
cNfL, which was substantially higher than the previously
reported 0.73 for pNfL (Fig. 2).'° Thus, cNfL level
appears to be promising as a sensitive biomarker in the
evaluation of the disease activity of CALD and CBALD.
Compared with the collection of blood samples, however,
frequent collection of CSF samples is a substantial burden
for patients. Further studies are needed to determine the
clinical usefulness of ¢cNfL and pNfL in assessing disease
activity in ALD patients and the appropriate clinical use
of ¢NfL and pNfL.

The lack of data on cNfL levels in healthy controls is a
limitation. However, the ELISA kit we used is widely
used, and cNfL levels in healthy controls were determined
using this same kit."”

In summary, cNfL level is useful for evaluating neuro-
axonal damages in CALD and CBALD. Longitudinal mea-
surements of cNfL level may serve as a potent biomarker
for detecting the conversion from AMN to CALD or
CBALD. The cNfL levels after HSCT well reflect the dis-
ease activity and the treatment response.
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